Edge detection is the first step in many computer vision applications. Edge detection significantly reduces the amount of data and filters out unwanted or insignificant information and gives the significant structural information of an image. We proposed an edge detection algorithm using weighted kernels with adaptive threshold values. Instead of using a constant threshold value we use dynamic threshold value based on local image information and the kernel used. It was observed from the experimental results that our proposed algorithm produces better results for the real time images having non uniform intensity regions minimizing the false positive and false negative edges.
I. Introduction
The edge is the most important characteristic of the image processing, which can be shown the region where the shadows falls in an image as well as discrete change in the intensity of an image due to outline of an objects. Since edge detections is an important tool in computer vision to involve the identification as well as the classification of objects in an image. So edge detection algorithm is the vital research field in the image processing for a long time. Last decade researchers finding the edge detection algorithm using various methods but unable to get the accurate edges as the edge information may lost due to lightening conditions, if objects of similar intensities are present then algorithms might not able to detect the edge. Also noise and the density of edges may affect the detection of edges.
Many methods for edge detection are proposed, firstly simple gradient based first order derivative edge detector methods are proposed by Sobel, Krisch, Robinson and FreiChen [1] [2] [3] [4] [5] . These methods are simple to compute and are capable to detect edges but they are not good for the noised images and can"t detect edges accurately because they consider less relativity with the neighborhood pixels. In second order derivative edge detector methods i.e., Laplacian based edge detection methods basically check whether the image pixels is present in the dark side or bright side of the edge and base on the zero point cross over, edges were detected [4] [5] . They were capable to detect the edges along with their orientation and they have fixed characteristics in all directions but the main drawbacks of these methods are reresponding to some of the existing edges. Another Laplacian of Gaussian edge detection method was proposed by Marr and Hildreth on the combination of Gaussian smoothing filter and laplacian filter [4] [5] . However, Laplacian based Gaussian edge detector can"t detect edges at corners and curves. Later Canny edge detection method was proposed by J. Canny using dual threshold [6] . It is one of the extensively practiced edge detection algorithms. Human visual feature based edge detector method (EDHVF) proposed by Mingxiu et al using predictive edge detection and this method is faster than canny edge detector, but not effective as canny edge detector for detect the edges [8] . Zhonghai et. al. proposed an adaptive threshold based edge detector method using law of gravity (ATEDLG) into image and this method able to detect week edges but it"s sensitive to noise [9] . Shuai Wang et al proposed the edge detection method based on weighted Rotating Kernel Transformation (IRKTE) to handle multiple directions of edges with detection of false edges [12] . All these methods use a single threshold value or a limited number of constant user defined threshold values. These methods use the trial and error method to find the better threshold value for each and every image. The optimal threshold value not only changes from image to image but also with in the different regions of image. So, we have proposed a dynamic threshold algorithm which computes the threshold value based on input image and the kernel used to increase the accuracy of edge detection.
The rest of the paper is organized as follows. The Rotating Kernel transformation is explained in second section, the proposed method is explained in third section. We will compute the simulation results and compare the performance of proposed edge detection method with Canny, EDHVF, ATEDLG and IRKTE in fourth section and finally conclusion is given in last section.
II. Rotating Kernel Transformation
The Rotating Kernel Transformation (RKT) technique works by convolving an image with a series of kernels, and selecting the maximum convolved result as output at each pixel. The convolution formula can be written as:
Where, I is the input original image, and KΘ is the kernel oriented at rotation angle Θ and * is the convolution operator. The numbers of directional kernels that have to be processed are based up on the size of the kernel. If n RKT n RKT is the size of the kernel, then the number of different directional kernels that can be generated are d RKT =2(n RKT -1). Where, d RKT is the number of different directional kernels. The maximum values can be computed over all the rotating kernels, and the output of image is defined as
Where, P represents the maximum values can be computed over all the rotating kernels. The edge equation can be obtained by applying threshold value on P.
Where, I edge represents the edge image and T represents the threshold value.
In the Rotating Kernel Transformation method, they used a constant threshold value. Using a constant threshold value may lead to misleading edges. Also as the size of the kernel increases the threshold value changes, so we need a dynamic algorithm that generate the optimal threshold for the given image and the given kernel size. Therefore, we find out the optimal threshold value based on the given input image and the kernel used.
III. Proposed Method
In our proposed method, we use dynamic threshold value to detect edge pixels. But how can we say which threshold value is effective to detect edge at a particular pixel position? How to compute the optimal threshold value? What are the factors involved in computing the optimal threshold value? These are some of the questions that arouse when we try to define an edge detection method.
The optimal threshold value to get the best possible edges depends mostly on two factors:
The weights used in the kernel directly proportional to the threshold value. The larger the weights used the greater the threshold value should be used to detect edges. In RKT algorithm, the weighted kernel needs higher threshold than non-weighted kernel to detect edges. Also Size of the kernel is directly proportional to the threshold value.
 The given input image:
Generally, the edges are depending on the nature of the image i.e. high intensity image or low intensity image. If an image has low intensity and the variation between the edge and non-edge pixel intensities are very low, then we have to use low threshold value to detect such edges. Also if image has high intensity and the variation between the edge and non-edge pixel intensities are very low, then also we have to use low threshold value to detect such edges. If image doesn"t have uniform distribution of intensities i.e. the variation between the edge and non-edge pixel intensities are considerably larger, then we have to use higher threshold value.
Also a single threshold value doesn"t applicable for all edge pixels. . If image contains uneven distribution of pixels i.e. some parts have high intensity and in some parts low intensity, then a constant threshold over entire image may leads to false positive or false negative detection of edges. So, we need to generate dynamic threshold values for every pixel in the image. But doing it so will take greater time as well as computational complexities. So, we first generate a global threshold value for entire image and at every pixel if certain conditions are met, then we use global threshold otherwise generate a local threshold dynamically. It will reduce the unnecessary generation of threshold values.
In our proposed method, firstly, we calculate a global threshold value based on the size of the kernel as well as based on the given input image. In order to calculate the threshold value, we do some pre-processing on the given input image.
Find the minimum and gray levels that are present in the image. Let"s say g min and g max are the minimum and maximum gray values present in the given input image Image Original We use three values in our algorithm to detect edges. They are the mean intensity value of the entire image (µ), the mean intensity value of the image having pixel values less than or equal to µ (We call it the first expectation value e 1 ) and the mean intensity value of the image having pixel values less than or equal to e 1 (We call it the second expectation value e 2 ). We use µ to calculate the standard edges, e 1 to calculate the weak edges and e 2 to eliminate the weaker edges.
Calculate the mean intensity value (µ) over the entire image using the below formula: The pre-processing is over and we use these mean and expectation values (μ, e 1 and e 2 ) to generate both the global and local threshold values. Also these are useful for checking the constraints when to use global threshold and when to generate local threshold value.
Here we use the mean and second expectation value (μ and e 2 ) to generate the global threshold value. The global threshold Global Threshold is calculated by the given below formula.
Where, µ is the mean intensity value, e 2 is the second expectation value and n×n is the size of the kernel.
Secondly, similar to the RKT method, we use the weighted kernels and convolve the Image Original along all directional kernel matrices Kernel i . Then calculate the maximum convoluted matrix by using below formula:
Im max (9) Where, Image Original is the original image, Kernel l is l th (0<=l<=2(n-1)) kernel matrix. (i, j) is pixel coordinate. Image Processed represents the processed image which contains the maximum convoluted value from each direction.
If the local mean intensity is within the specified range then we will apply the global threshold value otherwise generate a local threshold value and apply it.
Thirdly, for every pixel coordinate (i, j) in Image Original we calculate the local mean intensity. We use this local mean intensity value generating local threshold value. Mean Local will be calculated by using the below formula: (10) Where, (i, j) is pixel coordinate and n×n is the size of the kernel Lastly, we have to find out which threshold value we should apply. Threshold Apply (i, j) is the threshold that we are actually applying on Image Processed (i, j). If Mean Local (i, j) is between e 2 and (2µ-e 2 ), then Threshold Apply (i, j) =Global Threshold otherwise, we have to generate a local threshold value and apply it by given below function. Where, (i, j) is pixel coordinate and n×n is the size of the kernel.
Finally, apply the threshold to obtain the edge image, Image edge by below function. (12) But this edge image may contain the thick edges due to the large size of the kernel matrix. So apply the edge thinning morphological operation to obtain the actual edge image.
Our proposed algorithm is given below. Step1: Apply preprocessing on the input image Image Original and generate the mean, µ and expectation values, e 1 , and e2 using (5)- (7) and calculate the global threshold, Global Threshold value using (8) .
Step2: Apply the Angular kernel convolution for the entire image using (9) and obtain the processed image, Image Processed .
Step3: For every pixel in the processed image, calculate the threshold to apply, Threshold Apply using (11) .
Step4: Obtain the edge image, Image edge by using (12) . But this edge image may contain thick edges.
Step5: Apply the morphological edge thinning function on above obtained edge image, Image edge to find the thinned edge image.
IV. Results and Analysis
The methods that we consider for the analysis are Canny, EDHVF, ATEDLG, IRKTE and the proposed edge detection methods. We have performed the experiment for results of the considered edge detection methods: Canny, EDHVF, ATEDLG, IRKTE and proposed method on test images: Couple, Lady, House and Pepper shown in Fig. 2(a-d) . We are considered for objective and subjective qualities of the experimental results in terms of Precision, F-Measure, and visual quality of the restored images, respectively. The experimental results of the considered methods are depicted in Tables 1 and 2 contain for PRECISION and F-Measure values of edge detection test images, respectively. The original test images are shown in Fig. 2 and edge images are shown in Fig. 3 (a-e)-6(a-e).
The parameters that we used for comparison are PRECISION and F-Measure [19] . We assume every algorithm is 50% efficient at generating true edges including the proposed method. Then we generated the confusion matrix for each image and calculated the PRECISION and FMeasure. From Table 1 , we observe that for Couple, Lady, House and Pepper images of the PRECISION value is better for proposed detection method when compared with the Canny, EDHVF, ATEDLG and IRKTE edge detection methods. This shows that the edges detected by the proposed method actually presents in the original image is very high. The false negative detection of edges is very low in our proposed method.
PRECISION alone cannot be enough to say an edge detection algorithm is effective, because PRECISION cannot consider the missing edges i.e. even if a method doesn"t detect all edges present in the original image still it may give 100% precision. So, we go for F-measure as well which not only consider the false negative detection but also the false positive detection of edges.
From Table 2 , we observe that for Couple, Lady, House and Pepper images of the F-measure value is better for the proposed method when compared with Canny, EDHVF, ATEDLG and IRKTE edge detection methods. Since proposed method uses the adaptive threshold concept, it detects the weak edges too thus improves the F-measure value. This shows that the relative probability that the edge detected by proposed method actually present in the original image is very high.
Form Fig. 2(a-e)-6(a-e) , it was observed that for Couple, Lady, House and Pepper images the visual feature is better for proposed method when compared with Canny, EDHVF, ATEDLG and IRKTE.
In our experiment for edge detection method, we coded all considered methods the in Matlab 13.1 running at a Core I5 2.5 GHz processor with 4GB RAM of computer. 
V. Conclusion
In this paper we derived an edge detection algorithm based on rotating kernel transformation using adaptive threshold values and compared proposed method with Canny, EDHVF, ATEDLG and IRKTE considered methods based on the parameters PRECISION, F-Measure and visual quality of the restored images along with several considered test images. It is found that the proposed edge detection method consistently produces acceptable and better results for all the test images based on F-measure and PRECISION with restored edge images, respectively over considered methods. 
